Magnolia mercedesiarum, a new species from the eastern slopes of the Andes in northern Ecuador, is described and illustrated, and a key to Ecuadorian Magnolia (subsect. Talauma) is provided. This species differs from M. vargasiana in having broadly elliptic leaves that have an obtuse base vs. suborbicular and subcordate to cordate, glabrous stipular scars, more numerous lateral veins per side and fewer stamens. It also differs from M. llanganatensis in having leaf blades broadly elliptic vs. elliptic, longer petioles, less numerous lateral leaf veins per side, larger fruits and more numerous petals and carpels. Using MaxEnt species distribution models and IUCN threat criteria, M. mercedesiarum has a potential distribution area of less than 3307 km² and is assessed as Endangered (EN): B1 ab (i, ii, iii). The relevance of systematic vegetation sampling in the discovery of rare species is highlighted.
Introduction
New World Magnoliaceae consist of evergreen or deciduous trees that inhabit temperate and tropical mesic habitats from the ancient tepuis of the Guiana Shield to the recent highlands of the Mexican Trans-Volcanic Belt and the Andes, from its northernmost record in Vermont, USA to its southern limit in the Mata Atlántica of Serra do Mar, Paraná, Brazil, with several diversity peaks between the equator and the Tropic of Cancer and from near sea level to an upper elevation record at 3400 m on Cerro de la Muerte, Costa Rica (Vázquez-García et al. 2014 , 2015 , 2016a .
Here we treat New World Magnoliaceae as consisting of a single genus, Magnolia Linnaeus (1753: 535) including ca. 158 species in three sections: 1) sect. Macrophylla Figlar & Noteboom (2004: 92) (seven species: four in temperate areas of southeastern USA and northeastern México; and three south of the Tropic of Cancer in the Mexican Sierra to subsect. Chocotalauma (Table 1) in the biogeographical Chocó region, with globose and thick-walled fruits and stipules free from the petioles and; 15 species of subsect. Talauma (Table 1) , all with stipules adnate to the petiole, six of these in Amazonia (with either globose or costate ellipsoid fruits), five in the Andes (with costate-ellipsoid fruits), three confined to the biogeographical Chocó (with thick walled globose fruits,) and one in the Cordillera del Cóndor (with unknown fruits). As predicted by previous occurrence of species in the Andes, the species here proposed as new fits the expected morphology of costate-ellipsoid fruits with stipules adnate to the petiole. The observed morphological and geographical speciation patterns observed in Ecuador for three subsections of sect. Talauma can only be explained through a combination of vicariance, dispersal and niche differentiation.
The aim of this work is to describe and illustrate another new species of Magnolia from the eastern slopes of the Andes in northern Ecuador, estimate its potential distribution, assess its conservation status and provide a key to the species of Magnolia of Ecuador.
Materials and Methods
The newly proposed taxon was first collected in sterile condition in 1990 from the Río Due area, Sucumbíos Province by Carlos E. Cerón and J. Ayala (Cerón & Ayala 9896) and subsequently, in flower bud, by Jurgen Homeier from Volcán Sumaco in May 2005. Both of these early collections were obtained during systematic vegetation sampling of tree plots or transects (Table 3) . Frank Arroyo suspected first that the specimen from the Río Due with stipular scars covering the entire length of the petiole could be an undescribed species of sect. Talauma, but had no luck finding fertile material in a 2013 visit. Antonio Vázquez also suspected that the material of Homeier et al. 1737 and 3135, obtained during vegetation sampling (Table 3) , from the Antisana Ecological Reserve, Napo Province (Cordillera Guacamayos) with long, thin petioles could be a new species. In November 2014, after obtaining precise directions and coordinates from Jurgen Homeier´s permanent plots, David Neill, Antonio Vázquez, Mercedes Mamallacta and Alex Rosillo visited the Cordillera Guacamayos locality and collected a few flower buds, two immature gynoecia, a single petal and a decayed fruit, adding evidence for a possible new taxon. Three additional visits in 2014-2015, two of those at the Guacamayos site led by Efrén Merino-Santi (a native Kichwa student at the Universidad Estatal Amazónica, tree climber and illustrator of this species) and one by John L. Clark at the private Alto Coca Reserve, yielded flowering (a mature flower bud, about to open, which was forced to open) and fruiting material and confirmed that we were dealing with a taxonomic novelty, here described as new. Morphological description and illustrations were based on fresh and herbarium material. Leaf descriptions and general shapes of reproductive structures follow Lozano (1994) . Nomenclature of Magnoliaceae follows Figlar and Nooteboom (2004) . The herbarium acronyms follow Thiers (2017) . For accepted names we used POWO (2017) . Authors and names of plants follow the International Plant Name Index, IPNI (2017). Conservation status was assessed based on the criteria of the IUCN (2012). Many references were made accessible by Tropicos (http://www.tropicos.org/) and the Biodiversity Heritage Library (http://biodiversitylibrary. org). Species distribution modelling:-The initial estimation of extent of occurrence of Magnolia mercedesiarum was performed in accordance with recommendations of IUCN (2012) . The species presence points were obtained by georeferencing of cited specimens following the MaPSTeDI protocol (Murphey et al. 2004 ) with locality confidence level from 4 to 5, which corresponds to bias from 1-5 km. Presence points and extent of occurrence served as a starting point for further development of species distribution modelling (SDM). The probability of presence of M. mercedesiarum was estimated with spatial resolution of approximately 250 m using MaxEnt 3.4.1 (Phillips et al. 2006 in R 'dismo' 1.1-4 environment (Hijmans et al. 2017 ). In accordance with presumed narrow distribution range of the species under consideration, we performed two separate SDM analyses: the exploratory analysis in northwestern South America defined as a rectangular zone in the interval of latitude from 10°N to 10°S and longitude from 70°W to 82°W, and detailed analysis with 20 cross-validation replications in a rectangular envelope area of 500 km distance from the observation points. To account for the effect of collecting bias, we used the target-group background sampling technique to provide background points to the MaxEnt algorithm, as well as during construction of bias-corrected null-models for SDM (Raes and ter Steege 2007) . The dataset selected as the target-group is the specimen-based georeferenced record for flowering plants available through Global Biodiversity Information Facility (GBIF 2017a (GBIF , 2017b and consistent with Magnolia in collecting techniques and collector effort distribution. The stack of raster variables for SDM includes 19 bioclimatic variables (Nix 1986 , O'Donnell & Ignizio 2012 ) and median elevation above sea level in 7.5" grid cells. The set of monthly minimum and maximum temperatures publicly available with angular resolution of 30" was statistically downscaled to 7.5" using GMTED2010 (Danielson and Gesch 2011) median elevation data as the high-resolution predictor variable. The sensitivity-specificity combined approach was used to produce thresholds for transformation of probability of species occurrence to probable presence area following Liu et al. (2005) , the more conservative estimation was made by minimising the difference between training specificity and sensitivity (ETSS) and less conservative by maximizing both parameters (MTSS). For model evaluation we estimated AUC as the only useful indicator of model accuracy for low-prevalence species (van Proosdij et al. 2016 ) and tested it against a set of 99 null-models with a significance level of 0.05, expecting that the actual AUC rank exceeds 95. The full description of SDM can be found in Vázquez-García et al. (2018) . Base map is the same as in Figure 4 .
Magnolia mercedesiarum is similar to M. vargasiana but differs in having broadly elliptic leaves that area obtuse at the base vs. suborbicular and subcordate to cordate, glabrous stipular scars, more numerous lateral veins per side and fewer stamens. It is also similar to M. llanganatensis in having similar size of flowers and glabrous leaves; however, it differs from the latter in having leaf blades broadly elliptic vs. elliptic, longer petioles (2.0-) 4.0-8.5 vs. 1.0-1.5 cm, fewer lateral veins per side 9-10 vs. 16-17, more numerous petals (8 vs. 6) and carpels (8-10 vs. 4-6) and larger fruits (3.8-5.0 × 2.7-3.6 cm vs. 3.0 × 2.0 cm; Table 2 ). Trees 15-20 m tall, with trunk 8-24 cm in diameter at breast height, first branch at 9 m; bark creamy white to pale brown. Twig internodes 1.0-2.0 × 0.3-0.5 cm, glabrous. Petioles (2.0-)4.0-8.5 × 0.1-0.2 cm, glabrous, with the stipular scar along its length; leaf blades broadly elliptic, 10.0-16.0 × 4.5-9.0(-10.0) cm, glabrous; 9-10 lateral veins per side. Hypsophylls 2-3, pubescent. Flower buds 1.8-2.7 × 1.3-2.0 cm, ellipsoid; open flowers 7 cm in diameter, fragrance smelling of ketone solvents. Sepals 3, greenish white, turning brownish purplish. Petals 8, obovate, 3.0-4.0 × 1.0-2.0 cm, cochleate, creamy white, but soon oxidizing to brownish, the outer three, larger, widely obovate and subequal, the next three subequal and the inner two narrower and spathulate; stamens 23-29, linear, acute at the apex, pale yellowish. Gynoecium ellipsoid, carpels 8-10, 2.7-3.5 × 1.0-1.3 cm. Fruit asymmetrical, ovoid, costate, 3.8-6.0 cm × 2.7-4.0 cm, nearly half of the fruit green the other half reddish, where lenticels become more evident, fragrance like Annona cherimola. Seeds 1.0-2.0 × 0.5-0.7 cm, covered with a red aril when mature.
Distribution habitat, and phytogeography:-The species is confined to four localities, three of them in Napo Province: 1) the Cordillera Guacamayos in the eastern Andean slopes of northern Ecuador, near the Urcu Siki creek, a tributary of the Upper Jondachi watershed; 2) on the southern slopes of Volcán Sumaco in Sumaco Napo-Galeras National Park, 3) the private Alto Coca Reserve; and 4) Sucumbíos Province in the upper Río Due watershed, Parroquia Reventador. It grows in dense, wet, tropical cloud forest at 1800-2000 m. At the type locality in the Cordillera de Guacamayos, the common tree species that occur in association with M. mercedesiarum include Erythrina edulis Triana ex Micheli (1892: 145; Fabaceae) Steyermark (1975: 255; both Rubiaceae) .
Species distribution modelling:-The distribution of Magnolia mercedesiarum as currently known is restricted to four localities in Napo and Sucumbíos provinces. The extent of occurrence (IUCN, 2012), i.e., the minimum convex polygon containing all points of occurrence (Fig. 4) is 901 km². The probable presence area of M. mercedesiarum was estimated as restricted to wet habitats in eastern slopes of the Ecuadorian Andes, using the species distribution model of MaxEnt, and measures 3307 km² considering MTSS (maximum sum of training specificity with sensitivity) or 2701 km² considering ETSS (equal training sensitivity and specificity; Fig. 5) .
Phenology:-Unpredictable because the species has been found sterile in May, September and October, in bud in January, May and November and fruiting in January and April. It has not been found with open flowers.
Eponymy:-The species is named in honour of two Ecuadorian women named Mercedes who have contributed to botanical science and conservation in their native country: Mercedes Asanza, professor at the Universidad Estatal Amazónica, administrative curator of the ECUAMZ herbarium at that university, and specialist in taxonomy and ecology of ferns; and Mercedes Mamallacta, a Kichwa ethnobotanist from Archidona, Napo Province, gardener, native plant propagator and inheritor and guardian of millennia of Kichwa plant lore.
Ethnobotany:-No uses are recorded for the species in the type locality. However, according to informant Antonio Naranjo (Cerón & Ayala 9896, from Río Due), the plant is known as "orejas de burro" (donkey ears). It is aromatic, and leaves mixed with urine and salt are used to clean sick animals.
Conservation status:-Following IUCN (2012) Red List threat criteria Magnolia mercedesiarum was assessed as endangered (EN): B1 ab (i, ii, iii); an extremely rare tree, only known from four locations and endemic to the Napo and Sucumbíos Provinces of Ecuador, with a potential distribution area of less than 3307 km² on the eastern slopes of the Andes. Only two adult trees and one juvenile (3 m tall) were observed in the type locality. A fallen fruit showed signs of predation, most likely by rodents, leaving only the empty torus without any seed. No seeds or seedlings were observed below or near the adult tree. Efforts to propagate the tree from seeds and cuttings have failed. Fortunately, it is protected within the Antisana Ecological Reserve, Sumaco Napo-Galeras National Park and the private Alto Coca Reserve. Notes:-Magnolia mercedesiarum is the first species of Magnolia described from the eastern slopes of the Andes in northern Ecuador; it is the third confirmed species of Magnolia in Napo Province after Magnolia pastazaensis and M. "napoensis" ined. (Vázquez-García et al. 2016a) , the last two at lower elevation and sympatric at Jatun Sacha Biological Station. Its occurrence in the Due River area represents the second species of Magnolia recorded from Sucumbíos Province after M. neillii in the Amazon lowlands of northeastern Ecuador (Vázquez-García et al. 2016a) .
Magnolia discoveries in Ecuador and the Neotropics:-Including Magnolia mercedesiarum, there are now 18 (82%) species of Magnolia from Ecuador published in the last decade, representing a third of all Neotropical species of Magnolia published in the last decade. It is noteworthy that over half of all magnolias from Ecuador were first discovered or at least located during systematic vegetation sampling of permanent plots in selected natural protected areas (Table 3) . Most Ecuadorian species of Magnolia are rare canopy or subcanopy trees, inconspicuous in dense forest and easily overlooked, especially when they are not in flower; many have been discovered only because the tree plot inventories require careful sampling of all trees within the plot boundaries. As a result of the more numerous discoveries of magnolias from Neotropical areas in the last decade, the proportion between Old World vs. New World species has shifted from 2:1 to 1:1 (ca. 350 Magnolia species presently known worldwide; Vázquez et al. 2016a) . Insufficient flowering and fruiting material have prevented understanding of the family in Ecuador for decades, and intensive, systematic fieldwork has proven to be fundamental. We are just beginning an era of finding the rarest and least accessible species in the most remote and often risky areas of the world.
Conservation status:-The conservation status of M. mercedesiarum using IUCN (2012) criteria resulted as endangered, not vulnerable as reported previously by Vázquez-García et al. (2016a) . The great number of recent discoveries of Neotropical magnolias has made necessary the update of the IUCN Red List of Magnoliaceae (Rivers et al. 2016) , a substantial increase of from the previous version (Cicuzza et al. 2007 ). The majority (3/4) of the magnolia species in Ecuador including the species described here are threatened with extinction, and a quarter of all magnolias of Ecuador are critically endangered (CR; Vázquez-García et al. 2016a); local, national and international authorities should act immediately before the species and their habitats are lost forever.
Species distribution modelling and conservation status:-The comparatively sparse distribution of this new species and its estimated potential distribution extend the distribution of Magnolia to the eastern Andes of northern Ecuador, where no other species have been recorded (Vázquez et al. 2016a) . The two new hypotheses on potential distribution areas for M. mercedesiarum are 28% (ETSS) and 12% (MTSS), more conservative than the area of "potential habitat" (3742 km²) estimated in the monograph of magnolias of Ecuador (Vázquez-García et al. 2016) , the latter based on the ecosystem map of the Ministerio del Ambiente of Ecuador (MAE) and taking into account forested cover, elevation, and natural boundaries (including rivers of third and fourth order). The advantage of the modelling approach in this paper compared to that of Vazquez et al. (2016a) consists of producing reproducible hypotheses of species distribution based on available presence data and individual response of species to complex environmental gradients without arbitrary presumptions of relationships between drainage basins, elevation ranges and species boundaries. The two models used, as well as the IUCN (2012) method, predict that the species could be found in Orellana Province, in addition to Napo and Sucumbíos. In contrast, the model does not predict a probable presence in the neighbouring area of Nariño, Colombia. 
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